Abbreviations: CI, confidence interval; EML, endoscopic mechanical lithotripsy; EPBD, endoscopic papillary balloon dilation; EPLBD, endoscopic papillary large-balloon dilation; EST, endoscopic sphincterotomy; OR, odds ratio; PAD, periampullary diverticulum.
Common bile duct stones are frequently diagnosed throughout the world. Endoscopic sphincterotomy (EST) has been used for the removal of bile duct stones for the past 40 years. The purpose of EST is to provide an opening to allow bile duct stone extraction. However, adverse events such as bleeding, perforation, pancreatitis, and cholangitis occur in 5% to 10% of patients who undergo EST. [1] [2] [3] [4] Additionally, endoscopic mechanical lithotripsy (EML) may be required as an adjunctive procedure in patients with large bile duct stones to facilitate clearance. [5] [6] [7] [8] [9] Endoscopic papillary balloon dilation (EPBD) was first proposed as an alternative to EST in 1982. 10 Because the extent of orifice dilation with EPBD is limited to a diameter of 10 mm, it is less successful than EST in removing bile duct stones. 11, 12 Endoscopic papillary large balloon dilation (EPLBD) combined with EST was introduced in 2003 to facilitate the removal of large or difficult bile duct stones, 13 and the size of the large-diameter balloons used was 12 to 20 mm. Since then, EPLBD with limited or large EST has become rapidly and widely adopted, mainly in Asia. As an alternative method, EPLBD without a preceding EST was introduced as a simplified technique in 2009. 14 Several studies have reported that this technique is safe and effective in patients with large bile duct stones without an increased risk of severe pancreatitis or bile duct perforation. Nevertheless, it is difficult to precisely analyze the outcomes of EPLBD because the techniques and definitions are used differently among studies. To date, there is no published consensus of guidelines on the techniques and indications for EPLBD. The consensus guidelines in this report will help provide a framework to improve the outcome of EPLBD.
METHOD FOR PREPARING THE GUIDELINES
The literature on EPLBD was initially reviewed by searching titles and abstracts with the search terms "large balloon," "balloon dilation," "sphincteroplasty," and "endoscopic papillary large balloon dilation" in MEDLINE, the Cochrane Library, and Embase. After reviewing the corresponding abstracts of the retrieved articles, the full text of the articles relevant to this review were downloaded. Additional articles were then searched by reviewing the references of these articles.
Before the consensus meeting, the Korean co-authors created first draft statements. The statements for EPLBD were divided into the following topics: definition, indication, technique, outcomes, adverse events, and specific cases such as periampullary diverticulum, surgically altered anatomy, and previous EST. These topics were determined according to their perceived clinical importance. These statements were provided by e-mail to the consensus group panel. A face-to-face meeting of the consensus group was held on February 14, 2014, in Seoul, Republic of Korea, to review and discuss the evidence for all statements. All statements were revised and finally agreed on at the concluding plenary session. Thereafter, the evidence level and recommendation grade were rated using the evidence leveling system of Scottish Intercollegiate Guidelines Network Grading Review Group (Table 1) , 15 and the voting system used was a 5-point Likert scale ( Table 2 ). The first vote was conducted in this meeting, and the second voting was conducted electronically by email. Consensus was considered to be achieved when 80% or more of voting members indicated "accept completely" or "accept with some reservation." A statement was refused when 80% or more of voting members "reject completely" or "reject with some reservation" ( Table 2 ). Commentaries on statements were written by T.H. Kim and J.H. Kim and all co-authors were involved in the final editing of the commentaries.
In this report, we first discuss the definition, indication, and technique of EPLBD with or without EST. We then focus on the best indications, followed by a discussion of safe techniques and outcomes of EPLBD. Each section of this report includes the key recommendations related to the section topic followed by a summary of the supporting evidence (Table 3 ).
DEFINITION
1.1. EPLBD is used to dilate the biliary orifice with a large-diameter balloon (≥12 mm) and can be performed with or without EST.
EPBD involves dilation of the biliary sphincter with a small-diameter balloon ( 10 mm) and is usually performed without EST. When large bile duct stones are extracted by using EPBD, a great number of EMLs is needed because of the small biliary opening created after EPBD. EPLBD is an extension of EPBD, which is used to create a larger biliary opening with a large diameter balloon (!12 mm). The intended purpose of EPLBD is to simplify removing large or difficult bile duct stones without additional adverse events of EST alone or EPBD alone. EST has been generally recommended before EPLBD because it was believed to be associated with a decreased risk of postprocedure pancreatitis. 16, 17 EPLBD was initially performed when the standard balloon and basket extraction techniques failed after large EST, but recently it has been performed after limited EST or sometimes without EST to minimize the risk of adverse events of large EST, even before attempting trials of the standard extraction techniques. A recent systematic review of EPLBD concluded that EPLBD with EST has similar outcomes in terms of stone clearance and the advantage of a lower risk of overall adverse events and pancreatitis compared with EST alone. 18 As an alternative method, Jeong et al 14 reported that avoiding EST during EPLBD can simplify the procedure and that this technique is safe and effective for managing large bile duct stones without increasing the risk of pancreatitis. Although the initial success rate of EPLBD without EST was significantly lower than that of EPLBD with EST, there were no significant differences in the overall success rates in the systematic review. 18 However, only a few reports regarding EPLBD without EST have been published. Accordingly, large-scale prospective, multicenter studies would be ideal to verify the effectiveness of EPLBD without EST.
INDICATION
2.1. In the removal of large or difficult bile duct stones, EPLBD can be used as an alternative to EML.
Evidence level: 1D
Recommendation level: B Level of agreement: A, 70.6%; B, 29.4%; C, 0%; D, 0%; E, 0%
Bile duct stones may be difficult to remove endoscopically by using standard balloon and basket extraction 
Evidence level:
1þþ: High-quality meta-analyses; systematic reviews of randomized, controlled trials; or randomized, controlled trials with a very low risk of bias 1þ: Well-conducted meta-analyses; systematic reviews of randomized, controlled trials; or randomized, controlled trials with a low risk of bias 1À: Meta-analyses, systematic reviews, or randomized, controlled trials with a high risk of bias 2þþ: High-quality systematic reviews of case-control or cohort studies; high-quality case-control studies or cohort studies with a very low risk of confounding, bias, or chance and a high probability that the relationship is causal 2þ: Well-conducted case-control or cohort studies with a low risk of confounding, bias, or chance and a moderate probability that the relationship is causal 2À: Case-control or cohort studies with a high risk of confounding, bias, or chance and a significant risk that the relationship is not causal 3: Nonanalytic studies (eg, case reports, case series) 4: Expert opinion
Recommendation grade:
A: At least 1 meta-analysis, systematic review, or randomized, controlled trial rated as 1þþ and directly applicable to the target population or a systematic review of randomized, controlled trials or a body of evidence consisting principally of studies rated 1þ directly applicable to the target population and demonstrating overall consistency of results B: A body of evidence including studies rated 2þþ directly applicable to the target population and demonstrating overall consistency of results or extrapolated evidence from studies rated 1þþ or 1þ C: A body of evidence including studies rated 1À or 2þ directly applicable to the target population and demonstrating overall consistency of results or extrapolated evidence from studies rated 2þþ D: Evidence level 2À, 3, or 4 or extrapolated evidence from studies rated 2þ
TABLE 2. Voting on recommendation
A: Accept completely B: Accept with some reservation C: Accept with major reservation D: Reject with reservation E: Reject completely techniques after mainly large EST in the setting of large stones (>15 mm), multiple stones, barrel-shaped stones, and tapering or tortuosity of the distal common bile duct. 19, 20 In such situations, additional endoscopic procedures, mainly EML, are usually required. [5] [6] [7] [8] [9] However, EML is a time-consuming procedure, raising problems such as impaction and fracture of the Dormia basket, and increases the risk of adverse events ranging from 6% to 13%. 9, [21] [22] [23] [24] The frequency of the use of EML when performing EST or EPBD is related to various factors such as the diameter of the dilating balloon, a discrepancy in the size between the stone and ampullary orifice or distal bile duct, and the shape of the stone and bile duct. EPLBD combined with EST or without a preceding EST can be used as the alternative to EML after EST for the removal of large or difficult bile duct stones, reducing the need for EML because it allows a larger biliary orifice to be achieved than full-incision EST or EPBD. A number of case series; retrospective cohort studies; randomized, controlled trials; and meta-analyses supported the fact that EPLBD was a safe and useful alternative technique to EML without causing any additional risk of severe adverse events when removing large or difficult bile duct stones. 16, 20, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] 2.2. EPLBD can be used as the initial method when large bile duct stones have been identified on endoscopic retrograde cholangiography or cross-sectional imaging.
Evidence level: 1D
Recommendation level: B Level of agreement: A, 70.6%; B, 23.5%; C, 5.9%; D, 0%; E, 0%
In early trials of EPLBD, a supplementary EPLBD was performed when the standard balloon and basket extraction technique failed after large EST. 13, 37 However, preemptive EPLBD has recently been performed after limited EST or sometimes without EST in patients with large bile duct stones that are suspected to be difficult to remove by using standard extraction techniques even after large EST, because EPLBD after large EST may increase the risk of adverse events such as bleeding and perforation. Abdominal CT with coronal reconstruction and MRCP can be used to measure the number and size of bile duct stones and to determine the shape of the bile duct. Accordingly, this allows endoscopists to decide on the method to use for bile duct stone removal even before endoscopic retrograde cholangiography is 
Definition:
1.1. EPLBD is used to dilate the biliary orifice with a large-diameter balloon (!12 mm) and can be performed with or without EST.
Indication:
2.1. In the removal of large or difficult bile duct stones, EPLBD can be used as an alternative to EML (evidence level: 1þ, recommendation level: B). 2.2. EPLBD can be used as the initial method when large bile duct stones have been identified on endoscopic retrograde cholangiography or cross-sectional imaging (evidence level: 1þ, recommendation level: B). 2.3. When conventional stone removal after EST fails, EPLBD can be considered (evidence level: 1þ, recommendation level: B). 2.4. In patients with obvious distal bile duct strictures or a nondilated bile duct, EPBLD is not recommended because of the increased risk of perforation (evidence level: 2þ, recommendation level: C). 2.5. EPLBD without EST is preferred over EPLBD with EST in patients with coagulopathy (evidence level: 4, recommendation level: D). 
Techniques:

Specific cases:
5.1. The presence of a periampullary diverticulum may not increase the risk of adverse events in patients who undergo EPLBD (evidence level:
2þþ, recommendation grade: B). 5.2. In patients with surgically altered anatomy, EPLBD may be an effective and safe procedure to remove bile duct stones (evidence level:
3, recommendation grade: D). 5.3. In patients with a previous EST, EPLBD without repeated EST may be effective and safe for the removal of recurrent stones (evidence level:
2À, recommendation grade: D).
Adverse events:
6.1. The rate of overall adverse events for EPLBD with EST is lower than that for EST alone in patients with large or difficult stones (evidence level: 1 À, recommendation grade: C). 6.2. EPLBD may not increase the risk of pancreatitis (evidence level: 1þ, recommendation grade: B). 6.3. EPLBD with large EST may increase the risk of bleeding (evidence level: 2þþ, recommendation grade: C). 6.4. EPLBD with EST has a perforation rate similar to that of EST. A distal CBD stricture is a major risk factor for perforation (evidence level:
1þ, recommendation grade: B). performed. All recent studies that were conducted to compare the clinical outcomes of EPLBD with limited EST with EST alone as an initial stone extraction technique in patients with large bile duct stones, constituting 2 retrospective cohort studies 25, 26 and 5 randomized, controlled trials, [27] [28] [29] [30] 35 showed similar or even better initial and overall success rates of stone clearance and rates of adverse events. In addition, 2 retrospective case series reported that initial EPLBD without a preceding EST could be safely and effectively used as an alternative stone extraction technique to EST alone in patients with large bile duct stones. 14, 38 Therefore, if large or difficult bile duct stones are seen on endoscopic retrograde cholangiography or cross-sectional imaging, initial EPLBD before attempting trials of the standard extraction techniques can be performed after limited EST or sometimes without EST to facilitate effective stone removal, minimizing the risk of adverse events of large EST.
When conventional stone removal after
EST fails, EPLBD can be considered.
Evidence level: 1D
Recommendation level: B Level of agreement: A, 88.2%; B, 11.8%; C, 0%; D, 0%; E, 0%
In 2003, Ersoz et al 13 were the first to report successfully performing EPLBD as an alternative technique to EML as a means of removing difficult or large bile duct stones in patients in whom standard extraction techniques after large EST failed. Thereafter, a number of case series supported the finding that supplementary EPLBD after mainly large EST was a feasible and useful technique in similar situations. 37, [39] [40] [41] [42] [43] However, several severe to fatal adverse events (1 case of fatal pancreatitis, 42 2 cases of severe bleeding, 39,40 1 case of fatal bleeding, 43 and 1 case of severe perforation 40 ) have been described in published reports. One well-conducted randomized, controlled trial reported that full-incision EST followed by EPLBD was equally as effective as full-incision EST followed by EML for the removal of large bile duct stones, but associated with fewer adverse events (4.4% vs 20%, P Z .049). 29 However, further largescale randomized, controlled trials are needed to verify the effectiveness of supplementary EPLBD in patients in whom standard extraction techniques after mainly large EST failed.
2.4.
In patients with obvious distal bile duct strictures or a nondilated bile duct, EPLBD is not recommended because of the increased risk of perforation.
Evidence level: 2D
Recommendation level: C Level of agreement: A, 64.7%; B, 35.3%; C, 0%; D, 0%; E, 0%
In a well-conducted case-control multicenter study for the analysis of adverse events in 946 patients who underwent EPLBD, a distal bile duct stricture was found to be the independent risk factor for perforation (odds ratio [OR] 17.083; 95% confidence interval [CI], 3.936-74.132; P < .001), which was known as the most serious adverse event of EPLBD. 17 In this study, perforation-related deaths occurred only in 3 patients with a distal bile duct stricture, and suspected causative factors of perforation in these patients were overinflation of the balloon in all 3 patients as well as full-incision EST in 2. 17 Therefore, EPBLD is not recommended in patients with obvious distal bile duct strictures or a nondilated bile duct because of the increased risk of perforation due to excessive dilation of the bile duct with a balloon. 17, 18 Obvious strictures of the distal bile duct can be detected easily on cholangiography, whereas obscure strictures may not. The speed and degree of balloon inflation should be carefully controlled to avoid adverse events in view of such obscure strictures of the distal bile duct. 44 If there is a suspicion of distal bile duct strictures during ERCP, especially in patients with a tapered distal bile duct, use of the pulling method of a large inflated retrieval balloon through the suspected site is recommended to confirm a suspected existence. 18 2.5. EPLBD without EST is preferred over EPLBD with EST in patients with coagulopathy. The risk of bleeding with EST depends on the extent of the ampullary incision and underlying conditions such as coagulopathy, use of antithrombotic and antiplatelet medications, cirrhosis, thrombocytopenia, and chronic renal failure. 6, 45 Therefore, endoscopic balloon dilation is the preferred strategy in patients with coagulopathy. In fact, in a retrospective cohort study of bleeding risk in patients with cirrhosis and coagulopathy, the bleeding rates for EST and EPBD with a small-diameter balloon ( 10 mm) were 30% and 0%, respectively. 46 Several randomized, controlled trials have shown that EPBD might significantly reduce the risk of bleeding compared with EST. [47] [48] [49] However, there is not enough evidence supporting the advantages of EPLBD without EST in patients with coagulopathy. Based on the results of a number of EPBD studies, it is suggested that EPLBD without EST may theoretically minimize bleeding. In a well-conducted case-control multicenter study for the analysis of adverse events in 946 patients who underwent EPLBD, underlying liver cirrhosis was found to be an independent predictor of bleeding after EPLBD (OR 8.028; 95% CI, 2.022-31.883; P Z .003). 17 In the systematic review of 32 EPLBD studies, cases of serious bleeding, including severe and fatal bleeding, were not noted in all 413 patients who underwent EPLBD without EST, whereas it was noted in 4 of 2503 patients who underwent EPLBD with EST, although there was no significant difference in the overall rate of bleeding between EPLBD with and without EST. 18 Therefore, EPLBD without EST is preferred over EPLBD with EST if EPLBD must be performed in patients with coagulopathy. Major procedure-related risk factors that seem to be related to adverse events during EPLBD include the extent of EST, the diameter of the balloon, and the method of balloon inflation. The size of the bile duct stones and the diameter of the distal bile duct are crucial factors when selecting the diameter of the balloon. Although the balloon diameter for EPLBD ranges from 12 mm to 20 mm, a balloon with a diameter of 15 mm or less is frequently used to prevent serious adverse events, even if the bile duct stones are larger than 15 mm in diameter. Therefore, the diameter of the distal bile duct may be regarded as a more important factor when selecting the balloon rather than the size of bile duct stones because excessive balloon dilation beyond the diameter of the distal bile duct may increase the risk of perforation. A large-scale retrospective, multicenter EPLBD study of 946 patients with large bile duct stones (>10 mm) noted that the diameter of the inflated balloon used was larger than that of the distal bile duct in 2 of 3 patients with fatal perforation. 17 Although further studies are still needed, the maximal inflated diameter of the balloon should not exceed the diameter of the distal bile duct to prevent the risk of perforation due to overinflation of the balloon.
The balloon should be inflated slowly in gradual steps.
Evidence level: 3 Recommendation grade: D Level of agreement: A, 58.8%; B, 41.2%; C, 0%; D, 0%; E, 0%
During EPLBD, the rapid and forcible inflation of the balloon across a tight distal bile duct stricture can lead to perforation and bleeding. Obvious bile duct strictures are easily visible on cholangiography, whereas obscure bile duct strictures are sometimes difficult to diagnosed. In a multicenter retrospective EPLBD study of 946 patients, the central waist of the balloon did not disappear during EPLBD in 2 of 3 patients who experienced bile duct perforation that resulted in death, whereas it could not be identified in the third patient because of rapid forcible inflation of the balloon during EPLBD. 17 Therefore, if the central waist of the balloon does not disappear, obscure strictures of the distal bile duct stricture should be strongly considered and further balloon inflation must be ceased at any step to avoid perforation. 17 The balloon should always be inflated slowly and gradually, starting from a smaller diameter than the intended maximal target, to recognize obscure bile duct strictures with attention paid to the balloon shape under fluoroscopy. 44 3.3. The usual duration of balloon dilation is approximately 30 to 60 seconds after disappearance of the waist.
Evidence level: 1L
Recommendation grade: C Level of agreement: A, 41.2%; B, 41.2%; C, 5.9%; D, 5.9%; E, 5.9%
The duration of balloon dilation in 24 studies of EPLBD with EST, which were included in the systematic review, varied from 10 seconds to 180 seconds; the duration of every study was <60 seconds with the exception of 3 studies. 18 One randomized, controlled trial reported that a 30second duration of balloon dilation was not different from a 60-second duration with regard to adverse events, including pancreatitis, bleeding, and perforation in EPLBD with EST. 42 One randomized, controlled study on the duration of balloon dilation by using a small-diameter balloon reported that 5-minute EPBD improved the efficacy of stone extraction and reduced the risk of pancreatitis compared with conventional 1-minute EPBD. 50 When studies were stratified by different durations of balloon dilation in a meta-analysis of EPLBD studies by Feng et al, 31 the rates of bile duct stone clearance were not significantly different between EPLBD and EST alone, despite EPLBD being performed with either short duration (<1 minute) (OR 2.77; 95% CI, 0.80-9.61; P Z .11) or long duration (!1 minute) (OR 0.56; 95% CI, 0.18-1.78; P Z .33). In a large-scale retrospective case series of 247 patients who underwent EPLBD without EST for the treatment of large bile duct stones (>10 mm), there were only 3 adverse events (1.2%) comprising 2 cases of mild pancreatitis (0.8%) and 1 case of mild cholangitis (0.4%), after inflating a large balloon up to the mean diameter of 13.2 mm (range 11-20 mm) over a mean duration of 4.7 minutes (range 2-6 minutes). 51 Therefore, a longer duration of balloon dilation does not seem to be related to an increased risk of adverse events, even in patients who undergo EPLBD without EST. However, further studies are warranted to determine the optimal duration of balloon dilation during EPLBD. The initial success rate, which was defined as the rate of successful stone removal during the first ERCP session, of EPLBD with EST in the systematic review 18 was comparable to that of EST alone (84.0% vs 80.8%, P Z .131) in a meta-analysis by Weinberg et al. 11 The initial www.giejournal.org Volume 83, No. 1 : 2016 GASTROINTESTINAL ENDOSCOPY 41 success rate in EPLBD with EST was similar to that of EST alone in 1 retrospective cohort study, 20 in 4 of the 6 randomized, controlled trials [27] [28] [29] [30] ; and in all 5 meta-analyses 16, [31] [32] [33] 36 ; whereas it was significantly higher in EPLBD with EST than that in EST alone in another 2 retrospective cohort studies by Kim et al 25 and Rosa et al 26 and the remaining 2 randomized, controlled trials by Li at al 34 and Jun et al. 35 The overall success rate of EPLBD with EST in the previously mentioned systematic review 18 was comparable to that of EST alone (96.5% vs 95.3%, P Z .141) in a previous meta-analysis. 11 The overall success rate of EPLBD with EST was similar to that of EST alone in 2 of 3 retrospective cohort studies 20, 25 ; in all 6 randomized, controlled trials [27] [28] [29] [30] 34, 35 and in all 5 meta-analyses, 16, [31] [32] [33] 36 whereas it was significantly higher in EPLBD with EST than in EST alone in the remaining retrospective cohort study by Rosa et al. 26 Based on these results, the initial and overall success rates of EPLBD with EST are comparable to, or somewhat better than, those of EST alone.
4.2.
Overall success rates of EPLBD with and without EST for bile duct stone clearance are comparable.
Evidence level: 2DD Recommendation grade: B Level of agreement: A, 70.6%; B, 29.4%; C, 0%; D, 0%; E, 0%
After EPLBD with EST was introduced in 2003, EPLBD without EST was formally incorporated as a simplified alternative technique in 2009. 14 There are not enough comparison studies to investigate the clinical outcomes between EPLBD with and without EST in patients with large bile duct stones. A retrospective cohort study that compared stone clearance between EPLBD without and with EST showed similar outcomes in overall successful stone removal (96.8% vs 95.7%; P Z .738) and complete stone removal without EML (80.6% vs 73.9%; P Z .360). 38 In the systematic review of 32 EPLBD studies, the initial success rate of EPLBD without EST was significantly lower than that of EPLBD with EST (76.2% vs 84.0%; P < .001). 18 This was most likely due to the opening of the orifice retracting almost immediately to its original size, which is commonly seen with EPBD alone. However, there was no significant difference in the overall success rate between the 2 procedures (97.2% vs 96.5%; P Z .432). 18 Therefore, it can be concluded that the overall success rates of EPLBD with and without EST are comparable.
EPLBD with EST can reduce the need for EML.
Evidence level: 1D Recommendation grade: B Level of agreement: A, 76.5%; B, 23.5%; C, 0%; D, 0%; E, 0% EML is usually required as an adjunctive procedure of EST to facilitate complete clearance of large bile duct stones. [5] [6] [7] [8] [9] However, EML has proven to be a timeconsuming and a challenging technique, 21, 22 and EMLrelated adverse events such as basket impaction and bile duct injury can occur. EPLBD can be used as the main alternative to EST followed by EML for the removal of large or difficult bile duct stones. The widened ampullary orifice made by EPLBD facilitates easier extraction of relatively large bile duct stones and may reduce the need for EML. However, the frequency of EML use with EPLBD might be related to various factors such as the diameter of the dilating balloon used, a discrepancy in the size between the stone and the ampullary orifice or the distal bile duct, and the shape of the stone and the bile duct.
There are some conflicting results concerning the need for EML for the removal of large or difficult bile duct stones in several studies comparing EPLBD with EST and EST alone. In 2 of 3 retrospective cohort studies 20,26 and 3 of 5 randomized, controlled trials, 30, 34, 35 EPLBD with EST showed a reduced need for EML over EST alone. However, in the remaining 3 studies, 25, 27, 28 the need for EML was similar that for EST alone. One retrospective study in these 3 studies reported a reduced need for EML in EPLBD with EST, when confined to patients with large CBD stones (!15 mm). 25 In 4 meta-analyses, 16, [31] [32] [33] it was evident that EPLBD with EST reduced the need for EML compared with EST alone, although one of them, a meta-analysis by Yang and Hu 16 reported no significant difference between the 2 groups when conducting a sensitivity analysis by including only high-quality full-text studies, which was 4 of the total 6 studies of this meta-analysis. Based on these results, there is speculation that EPLBD with EST can reduce the need for EML in patients with large bile duct stones.
SPECIFIC CASES
The presence of a periampullary diverticulum may not increase the risk of adverse events in patients who undergo EPLBD.
Evidence level: 2DD Recommendation: B Level of agreement: A, 76.5%; B, 23.5%; C, 0%; D, 0%; E, 0%
The prevalence of periampullary diverticula (PAD) increases with age, and PAD are found in as many as 65% of elderly patients. 52, 53 PAD tend to distort the anatomy of the duodenum and the sphincter, making a controlled EST more difficult and possibly increasing the risk of adverse events. 4 Also, when EPLBD is performed in patients with PAD, the potential risk of perforation is of particular concern due to lack of sphincter muscle components around the ampulla. In 3 retrospective comparison studies in patients with and without PAD, there were no significant differences in overall success rates of bile duct stone removal and rates of adverse events in both, after EPLBD with limited EST or EPLBD alone. [54] [55] [56] When comparing each subtype of PAD with the controls or between subtypes of PAD in these studies, the rates of adverse events were not significantly different, 54, 56 whereas the frequency of pancreatitis was significantly higher in PAD type A than controls (14.3% vs 3.0%, P Z .047) in 1 study. 55 In addition, several studies, including a well-conducted case-control, multicenter study for the analysis of adverse events in 946 patients who underwent EPLBD, reported that the presence of PAD did not significantly increase the risk of adverse events such as pancreatitis, bleeding, and perforation after EPLBD, even with large EST. 17, [54] [55] [56] Nevertheless, EPLBD without EST is generally considered to avoid serious adverse events such as perforation and bleeding in patients with PAD. Randomized, controlled trials for comparing outcomes of patients with and without PAD warrant further investigative studies, especially based on the type of PAD.
5.2.
In patients with surgically altered anatomy, EPLBD may be an effective and safe procedure to remove bile duct stones.
Evidence level: 3 Recommendation: D Level of agreement: A, 88.2%; B, 5.9%; C, 5.9%; D, 0%; E, 0%
It is well known that EST is usually difficult and may require special techniques or devices in patients with surgically altered anatomy. Despite the development of specific sphincterotomes, EST in patients who have undergone Billroth II gastrectomy is more difficult than in patients with unaltered anatomy because the papilla now has to be approached from an inverted anatomic structure. In such a situation, balloon dilation may be particularly suitable instead of EST. Six case series of EPLBD with limited EST, mainly using a needle-knife or a rotatable papillotome in patients with a surgically altered anatomy such as Billroth II surgery and Roux-en-Y anastomosis, reported relatively high rates of complete stone clearance (96.7%-100%) 57-62 compared with 81.3% to 100% in other studies using adjusted EST techniques to suit the surgically altered anatomy. [63] [64] [65] In all of these EPLBD studies in patients with a surgically altered anatomy, only mild pancreatitis and mild to moderate bleeding were noted without any perforation or serious adverse events. Jang et al 66 reported complete CBD stone removal after EPLBD without EST in all Billroth II gastrectomy patients with large or difficult CBD stones without any serious adverse events. However, to date, there are still no randomized, controlled trials of EPLBD and EST alone in Billroth II gastrectomy patients. Nonetheless, EPLBD is still regarded as an effective and safe procedure and is commonly used to remove bile duct stones in patients with surgically altered anatomy.
5.3.
In patients with previous EST, EPLBD without repeated EST may be effective and safe for the removal of recurrent stones.
Evidence level: 2L Recommendation: D Level of agreement: A, 82.4%; B, 11.8%; C, 5.9%; D, 0%; E, 0%
In recurrent bile duct stones, extended incision of a previous EST site is sometimes required to remove large and difficult stones. However, it can increase the risk of adverse events such as bleeding and perforation. 1, 4, 6 In such cases, EPLBD can be safely and effectively used to widen the ampullary orifice without performing a repeat EST. There have been 3 case series and 1 retrospective cohort study of EPLBD in patients who underwent previous EST. [67] [68] [69] [70] In the 3 case series involving 146 patients, complete stone removal was achieved in all patients with 1 case of mild pancreatitis being the only procedure-related adverse event. 67, 68, 70 In a retrospective cohort study of EPLBD without repeated EST and standard balloon and basket extraction techniques in patients with a history of EST and large bile duct stones (>10 mm), the total procedure time was significantly shorter and the frequency of EML use was significantly lower in EPLBD without repeated EST than when performing standard extraction techniques, whereas the rates of complete stone clearance and the procedure-related adverse events were similar in both. 69 Therefore, in patients with previous EST, EPLBD without repeated EST may be effective and safe for the removal of recurrent stones.
6. ADVERSE EVENTS 6.1. The rate of overall adverse events for EPLBD with EST is lower than that for EST alone in patients with large or difficult stones.
Evidence level: 1L
Recommendation grade: C Level of agreement: A, 41.2%; B, 41.2%; C, 17.6%; D, 0%; E, 0%
Major adverse events typically related to both EST and EPLBD are pancreatitis, bleeding, and perforation. In the systematic review, which included 30 studies conducted in patients with EPLBD with EST, the rate of overall adverse events was significantly lower for EPLBD with EST than that for EST alone (8.3% vs 12.7%, OR 1.60, P < .001). 18 The rate of overall adverse events was similar in 5 of all 6 randomized, controlled trials between the 2 groups, 27, 28, 30, 34, 35 whereas it was significantly lower for EPLBD with EST than that for EST alone in the remaining study by Stefanidis et al. 29 In contrast, in 4 of 5 metaanalyses that evaluated a comparison of EPLBD with EST and EST alone in the removal of large bile duct stones, the rate of overall adverse events was significantly lower for EPLBD with EST than that for EST alone. 16, 31, 33, 36 In a large-scale multicenter case-control study that investigated 946 patients, a subgroup analysis showed that stones larger than 16 mm, cirrhosis, and full-length EST were independently associated with an increase in overall adverse events. 17 6.2. EPLBD may not increase the risk of pancreatitis.
Evidence level: 1D Recommendation grade: B Level of agreement: A, 70.6%; B, 11.8%; C, 11.8%; D, 5.9%; E, 0%
Two meta-analyses of EPBD by using small-diameter balloons (<10 mm) showed a significantly higher rate of pancreatitis than EST (8.6% vs 4.3%, P Z .0005 and 7.4% vs 4.3%, P Z .05). 11, 71 Based on this evidence, many concerns have been raised about pancreatitis after balloon dilation with increasing balloon size. However, Youn et al 72 reported that EPLBD with a large balloon of more than 15 mm with EST is safe with a very low rate of severe pancreatitis. In the systematic review of EPLBD studies using large-diameter balloons (12-20 mm), pancreatitis occurred in 2.4% (61/2511) of patients who underwent EPLBD with EST; almost all cases of pancreatitis were of mild to moderate severity (98.4%) with the exception of 1 fatal case of severe pancreatitis. 18 Furthermore, this systematic review reported that only mild to moderate pancreatitis after EPLBD without EST occurred in 3.9% of 413 patients. 18 In the comparison of adverse events between results of a previous meta-analysis by Weinberg et al 11 of EST alone and those of this systematic review in EPLBD with EST, the rate of pancreatitis in patients who underwent EPLBD with EST was significantly lower than that in patients who underwent EST alone (4.3% vs 2.4%, P Z .006). 18 In all 6 randomized, controlled trials [27] [28] [29] [30] 34, 35 and all 5 meta-analyses 16, [31] [32] [33] 36 that were conducted to compare the clinical outcomes of EPLBD with EST and of EST alone, the rate of pancreatitis showed no statistical difference between them. Furthermore, the systematic review of 3 studies reported that only mild to moderate pancreatitis after EPLBD without EST occurred in 3.9% of 413 patients. 18 Based on these results, acute pancreatitis associated with EPLBD with or even without EST may occur at a lower incidence rate and is less severe than that associated with EPBD alone and may occur with a similar incidence to that associated with EST alone. Therefore, there is no doubt that the mechanism of pancreatitis differs between EPLBD and EPBD, although it still remains unclear.
Interestingly, in a multicenter study, balloons larger than 14 mm in diameter were independently associated with a lower risk of pancreatitis, suggesting that only simple stretching of the ampullary orifice or direct blockage of the pancreatic orifice by compression of large-diameter balloons is not a major mechanism for pancreatitis after EPLBD. 17 A possible mechanism of the reduced pancreatitis rate for EPLBD with EST is that the radial force exerted by the dilating balloon shifts along the cutting direction made during EST toward the bile duct and away from the pancreatic orifice, resulting in less periampullary injury around the pancreatic duct. 16, 17 However, EST may have a limited role in preventing pancreatitis in EPLBD because patients undergoing EPLBD without EST did not have an increased risk of pancreatitis. 18 Therefore, the other hypothesis about the mechanism of pancreatitis after EPLBD was suggested: the manipulation frequency of the Dormia basket and retrieval balloon catheter in EPLBD both with and without EST can be reduced due to a sufficiently widened ampullary orifice, resulting in less periampullary trauma or edema and a lower risk of pancreatitis. On the contrary, the risk of injury to the ampullary orifice in EPBD by using small-diameter balloons may be increased because instruments for stone removal are passed through an inadequately widened ampullary orifice.
EPLBD with large EST may increase the risk of bleeding.
Evidence level: 2DD Recommendation grade: C Level of agreement: A, 76.5%; B, 11.8%; C, 5.9%; D, 5.9%; E, 0%
EPLBD with EST would theoretically combine the advantages of EST and EPBD by increasing the efficacy at stone extraction all the while minimizing their major adverse events. 73 In all 6 randomized, controlled trials [27] [28] [29] [30] 34, 35 and 3 of 4 meta-analyses 16, 32, 33 , which were conducted to compare the clinical outcomes between EPLBD with EST and EST alone, the rate of bleeding was similar, whereas the remaining meta-analysis by Feng et al 31 found that the rate of bleeding was significantly lower for EPLBD with EST than that for EST alone. However, the incision extent of the ampulla is one of several major factors that induce serious bleeding, although EPLBD itself may lead to bleeding due to blood vessel injury. In a systematic review of 32 EPLBD studies, the rate of bleeding was significantly higher for EPLBD with large EST than for EPLBD with limited EST (OR 3.33, P < .001) and without EST (OR 2.17, P Z .049). 18 However, no significant difference in the bleeding rate was noted between EPLBD with limited EST and without EST (P Z .35). 18 In this systematic review, 4 cases of serious bleeding, including 2 severe and 2 fatal cases, were noted only in patients who underwent a fullincision or large EST before EPLBD. 18 Serious bleeding may occur if a large blood vessel located at the proximal part of the ampullary roof is severed during full-incision or large EST, not by injury caused by the balloon itself. 17, 18 Based on these results, EPLBD after large EST should be cautiously performed to prevent serious bleeding, and EPLBD after limited EST or sometimes without EST can be initially recommended even before attempting standard extraction techniques with large EST when the stone is seen to be too large on cholangiography or crosssectional imaging. 6.4. EPLBD with EST has a rate of perforation similar to that of EST alone. A distal bile duct stricture is a major risk factor for perforation.
Evidence level: 1D Recommendation grade: B Level of agreement: A, 82.4%; B, 11.8%; C, 5.9%; D, 0%; E, 0%
The most serious adverse event of EPLBD with EST is bile duct perforation. In the systematic review of EPLBD studies, the rates of perforation were 0.6% (range 0%-2.8%) for EPLBD with EST. 18 Six problematic perforations after EPLBD with EST were reported: 2 duodenal perforations that were successfully managed with surgery, 1 cystic duct perforation managed with percutaneous drainage, and 3 fatal perforations from either septic shock or cardiogenic shock. In all 6 randomized, controlled trials [27] [28] [29] [30] 34, 35 conducted to compare the clinical outcomes between EPLBD with EST and EST alone, the rate of perforation was similar. Among 4 meta-analyses of the clinical outcomes between EPLBD with EST and EST alone, 2 meta-analyses by Feng et al 31 and Jin et al 32 showed no significant difference between them; a meta-analysis by Yang and Hu 16 found a lower perforation rate only in EPLBD with EST, but no significant difference between them when excluding 2 low-quality abstracts of all 6 studies; the last metaanalysis by Madhoun et al 33 showed no estimable results between them, but no significant difference when excluding guidewire-related perforations. The extent of ampullary incision may not be a major cause of perforation because there was no difference in the perforation rate between EPLBD with large EST and EPLBD with limited EST (0.4% vs 0.5%, P Z 1.00) in the systematic review, 18 but it is well known that the diameter of the balloon is the most important major factor in ensuring the success of EPLBD and minimizing adverse events. 74 The wider the ampullary orifice is dilated with the balloon, the more easily removal of the stone can be achieved. However, choosing an inappropriately oversized balloon increases the risk of perforation. Also, the large-scale multicenter case-control EPLBD study of 946 patients showed that a distal bile duct stricture was noted in 7 of a total of 9 perforations, consisting of 3 perforations of moderate severity and all 4 perforations of severe severity and was an independent predictor of perforation (OR 17.08, P < .001). 17 
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